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for direct solidification of sem conductor grade
multi-crystalline silicon ingots This invention
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pelhelesirzity iutd be ealisidal | i ne 25wafers are presently by
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6f the il s irshaut b dbisih ehiectbs ahaa fality | nert
towards nolten silicon and withstand the high

TREPRILA 8t dbRtdndinaialis strbRBy connected to the crucible material since
the crucibie is in direct contact (or indirect contact through a release coating) with
the molten silicon. The material of the crucibles should therefore be chemically
inert towards molten silicon and withstand the high temperatures up to about 1500
°C for relatively long periods. The crucible material is also important for achieving
an optimal control of the temperature since the heat extraction during solidification
of the ingot in these production methods is obtained by maintaining a lower
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material is also inportant for achieving an opti nal
control of the tenperature since the heat extraction

WOIOT/i§98 0l i di ficati on of the ingot in thesePCI/NO2007/000226
g

production nethods is obtaineag by mai ntai ning a | ower

WO 20071148987PCT/ NO2007/ 000226 2 tenperature in the

area bel ow the cruci bl e support, creating a heat sink
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whereinis the heat transported per area, 4a, is the
t hi ckcn’?ss ofymaterial |ayer i, .10k, is the thernal
condu gf%terlal i and AT is the total
tenperét urE&_fference Wth multiple | ayers, the
tenperature d&ifference across each |ayer |s

proportl onal to the thernmal resistance, . In
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The thermal &gnductivity of isotropic
gpe}a%ﬁngm}g%ﬁ]l n ?%alrrcmtamg k100 WnK. Prior art

Silicon dioxide (fused silica), Si02, is presently
tif r@éﬁtﬁﬁ&ﬁﬁ«ﬂmﬁﬁl%b@lcﬁbﬁ%aﬁd&ﬁi ik ®ridand h@bbd the crucibles
%El hEREALHS, Gk ol gdn%?‘dt bbbl AbAHR4D 'c£¥¥ L0 ha of the
er, ma nduct i vi
i%cﬂlﬁl Rs- (e TepeRsrR ickae sidgrmechagycal HabHinp il Biin the

Th@ec?r-m& cinl Ehewhcrmabethdpoti tipneivsbtroriy praphitt ys ingherange 50 -
timoolehess in the range of 1-3 cm Thus, in the
configuration presently enployed by the industry, the

fe bottomis the dominating thermal resistance.

Wﬁiﬁ typi cal crucible bottom 25t hi ckness of about 2
cawd:} iaxipp tpsedotilic®, BHPx keerssently dhg peferredogateril foherucible

ta@tl @lould applications due to availability in high purity form. The thermal
conductivity of the fused silica material from which the crucible is made is around
1-2 W/mK. The crucible walls and bottom will typically have a thickness in the
range of 1-3 cm. Thus, in the configuration presently employed by the industry, the
crucible bottom 1s the dominating thermal resistance. With typical crucible bottom
thickness of about 2 cm and support plate thickness 5 ¢cm, 90 - 98% of the total
temperature difference is localised across the crucible bottom.

The attainable rate of heat removal is limited by the great thermal resistance of the
silica crucible. Also, any attempt to vary the heat flux locally, e.g. in the lateral
direction will be hampered by the very low possibility to conirol the heat flux.

The heat flux from the heat of crystallization of the silicon, the heat transported
from the top heater to the bottom heater through the ingot and crucible and the heat
stored in the materials in the hot zone should ideally be vertically oriented, i.e.,
have no lateral component. However, in current practice, the various known furnace
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tenperature difference is |ocalised across the

crucible bottom The attainable rate of heat renoval

is limted by the great thermal resistance of the
wodiaseser uci bl e. Al so, any attenpt to vary ROF&NQ8(000226

flux locally, e.g. inthe latgeral direction will be
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producti-on of high-purity ingots of sem conductor
dd&deipsiohiof thre invention

The invention is based on the realisation that the control of the solidification
process will be significantly improved by reducing the thermal resistance across the
bottom of the crucible to a level at the same order or 1ower than the thermal
resistance across the support below the crucible, and on the realisation that the
problem with contamination of the silicon ingots with carbon and oxygen is largely
connected to use of oxygen-contaihing materials in the crucible.

For present day direct solidification furnaces, including those based on the
Bridgman method, the thermal resistance across the graphite support carrying the
cructble is typlcally in the order from 0,002 to 0,0003 m*K/W (thickness typically
from about 3 to about 10 cm and thermal conductivity in the order of 50 to 100
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linear within one material |layer with respect to
vertical position can be ternmed a quasi steady state
cooling (or heating). It is possible to nmaintain this

wednadsson over a nuch wi der range of cool i NRCT/NO2007/000226
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cru' cible bottomallow ng, larger, |ess strained -
crystals to nucleate. Obfaining a controlled start
of crystallization where the crucible' is standing on
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ITh¢ eftbodnandeeplantile €l Qydre Joiramediblee svithfa square cross-
Lo0Ral 5k $aa40d nRBﬁQ B%&ﬁ:@ sﬁ%n%frﬁe ab)t h er rml

resl stance acro

SRR e o BT CRRF B BEraRPus stp.
cdpmyingg sehel g,rﬁm:btkﬁhes iorthe herm @ﬁplamylmﬁrateetpubglthe bottom and
caprbifa sqﬁarberm-séammauhmea crucible with sufficient

”%?Mﬁhg %ta{eeen%ghtg & ﬁﬂfnray crtul?fﬁlesévith § rﬁfo@é—sec%h&lrh:ea

ul renent

S P 5. G S Cama s St Ayl ptonaty
20wnuinitodapattichds, sk hot zone in directional

S Glehighd 1he AkdeDbodisnaaasrdEs dRospiRtq YR converting the green
bodies and the sealing paste to a nitride bonded silicon nitride (NBSN) plate
elements by nitriding the silicon particles in the green body and the sealing paste
according to reaction (I).

) 3 8i(s) + 2 N, (g) = SisN, (s)

The green bodies of the wall and bottom elements of the crucibles may be formed
by making an aqueous slurry comprising > 60 weight% silicon nitride particles and
< 40 weight% Si particles. Applying the agueous slurry into a mould, preferably
made from plaster with the net shape of plate element that is to be formed, including
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The enbodi nents of exanple 1 and 2 are both crucibles

Wi th a square cross-sectional area nade of nitride

bonded silicon nitride, by - mxing silicon nitride

powder with silicon powder, for exanple in an aqueous

slip, formng a set of green bodies in the

formof plates that are to be the bottom and 25wal | s

goovesyuarnerorese-gdet joorbtainydatek syitabledemissergblyhiato crucibies.

ﬂh@&&neljae%tﬁﬁgttﬁe bReh Yol 1ﬁ raﬁ%&ﬁt)@pﬂ@ré Br %Hﬁ‘tﬁéﬁly pure nitrogen up

ross-sectio n

L Vs%@ﬁrﬁ R Wbt abh Sulsfackiglt in the roen
¢So‘ﬁd %ﬁctsiﬂlid tom silicen durigamihiich bendsahe siliveatnitmigle grains and

dvagogiteedditioed. ehel HtaftrBithiedd 8a Alt f'b@ﬁl%ls pHelpé! 85 contmued until

q . n i

eflpg s{illtltc[@ C]{}IQ§ glg?rgrha%gggg% %ﬁ[ﬂ? 9 auc 11 %ﬁlgfeg of Silicon

Hirideee obiyned - f p@fiers@art’h@esnﬂmkérplyaﬁ may| kespalishedhand shape-

tginereed bfielycauithgt foe obadihg gc@ﬁﬁteedmﬁﬁ@lbﬂs NGdttBus allowing forming

tf%ﬁfzen g%héﬁln)sg%lg)lo}“gré'iblﬁfﬁ%o 250%%1) %%%?%bgiéttgggmmbles a

plives Brate mpdly Wﬁék%&IMV%ﬁ ]ﬁ@‘“ﬁﬁn@’qfﬁ@’@!}?épﬂﬁll’ pe
depopitddsom the>ar6ds ofeihg ipl fte sldmann thai twilide ipavhiact Q’ﬁh&lﬂjiacent

p‘fé@ &haht %h%'n a@?én%l%h ef’heﬁ@@'p%{ét@%lé &t?gﬁeﬁ 61 Er 534 the
lgt%lg%a ng:-qgfls ﬁ.ﬂﬂ%@eé% Qﬂ%%tt{q%gn%gaxgégw ere of essentially

pune humgﬁg atiogpleoy eschammdt tedyitpargsles nf drecenling pa:he ad mitrided

dﬂﬂ&h%se%%hgﬂﬁé f‘mfz@roﬁﬁ@ 8RBl LAY BoRlMEIthE @Eme’ﬁ'ﬁhdtotggﬁ@r The

Ll I e

mi4iEs elldirpartclshic thetseeling pagon particles in the
green bodies will react and formsilicon nitride
Bbdazln@lﬂe bonds the silicon nitride grains and 5evaporat e

dditiyes. heat treatnment in a njtr
ﬁkerﬁsgﬁﬁger %PCP 1Rg ¢ FRRmBBleUnts; Slch%wt@lbfplélﬂlﬁﬁr%ﬂe@sn Figwrpda to 1d.
slurry have been nitrided such that solid plates of
Féglllreclériﬂﬁﬁftr?‘fﬁa theghaitasp plath ddwhich i acprdeatig, platgevith a groove 2

ami the ngedrd faigs surtycehgoqoédchiedisanidess Tap erévd RTREE to the
t ckﬁéss%%hé Qe e%méﬁ%g ?l#l%lﬁg tl?é:g}ﬂpgg? H‘fy (!P&E]i%ieo#&h tﬁytd[he lower

ow ng. formn
cefif 31%% w&HS §§E€é5&rﬂ4t9 o poRvased ﬁ%qmmtlgweﬁtung Alternatively,
tioe side oleesgnta add deabdtiogn pastve maylbe givem sédodementary shape such

dieSParsissol Mdidngei d may advant ageously be deposited
| es%oheﬁaggeas of fghe plate el enents that will be in

P‘_F%H‘E ! Sh%rbn%q%?tgﬁgﬁl?f)@fl%l&hgﬂ%tﬁﬁ%\?ﬂl %l? Hsé‘&) 11.'w0 of these at
OBP%P% |S{éie?»sse§dﬁg7éfét & d by vealkelsmenbads Wéap%mthuargraﬁve 4 along
bathedyel eme;hefsuﬁseafm@ mwapd% mtcr{g%ter@gfmsamm%?b@«eg 4 are
dBHENS Ge §'t1r$|ﬂ§ﬂﬂn?% &ithQhe & e?l% bfﬁle Eichi®nts 5 placed
tride
PEFRSEFSH: fév glﬁw%ﬁﬁ& DD %ggOOtVS@étaﬁé ﬁidem@es of the wall
chmronsl3 megt be givah meronpmcat anglad otientahien fsiiclsthat déte wall element
b@@&ﬁ&s é‘lfh@:@d Gs @ﬁ‘i’scﬁ,céﬂéﬁ ﬁ‘tabé’ﬂumﬁ&e'?hé bb aﬁhlupper side edges

are p raﬁéll zgnd the Ispdetedegeggrae ori gacszonegrueEriSs%rlgg es. '}hls isosceles
trapezium make the assembled crucible tapered such that the cross sectional area of
the opening of the crucible is larger than the cross sectional area of the bottom of
the crucible. The upper direction is indicated by the arrow in Figure Ib. Also, at the
upper part of the side edges, the wall element 3 may be equipped with a protrusion 7
which may form a locking grip with a corresponding protrusion on wall element 5,

see Figure 1d.
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The cruci ble according to exanple | is schematically
illustrated in Figure la to Id. 20Figure |la _
illustrates the bottomplate 1, which is a quadratic

plate with a groove 2 on the ypward facing surface

al ong each of its sides. The grove is fitted to the

t hi ckness of the side elenments formng the walls of

Figare Hughaoveths worrespendinh wallobnenidgef e criwblsi adeording to the

B kgareple@Ifshé Rventibe. 'Qlﬁ&@\(ﬁllaﬂ:dlsfe@ B oft tltlésg Rball elements at

%%%osir%gsldébél zgn%r %f/)érgcfa c&ia{}g %etw%eg r?\iﬁﬁefq atéﬁaaeée E]l%}lﬁe id. The

VL @@@HS é lfpa WP&%Slﬂ%@q}%PP @uh@- Hrptrations, drae is given a
canplanguiady shiplel asehe peatusdonsTher @eWrdils ?qﬂéﬁﬁ*@trhw@nQE 7 will

fo%saeio@klél%péﬂjs{wﬂgn ‘?ﬂe I%trtu%ff)% é: sch{e%d Aﬁi | prog‘u%lgflﬂ

el ement roove

R R R ——
Rasgﬂhlts applied Fyeadhtgroore2s4 defose gesmbly.tIR ehev@obves 2, 4 and edges

ol thaphits elenpinac®ds %@ﬁ@lﬁﬂghﬂwlﬁfﬂﬂm@ﬂsﬁﬁﬁ a‘é@dulacy, the crucible
Iﬁ]lif ggﬁ%s% led Dv?tggi QRHERNT u%gég fr‘%&lrnl%e geﬁs geaak proo\fv%rumble In

tg en an
K e a‘?lF e §ﬁ%ﬁ$1%f%@ﬂ5&e|?@ \ﬁﬁP‘Panh@ﬁ@ﬁtm%éb@ﬁElsﬂ@h dhewall

demennts iviitldediets id pape by uhe phrrgidme, Jot t om and upper

side edges are parallel and the side edges are

Emping congruent angles. This isosceles trapezium

make the assenbl ed cruci ble tapered such that the
Erogycibbradeonding & esampledbishehapetdally idiustréted ¢m Bcgust 8a to 2c.
is larger than the cross sectional area of the bottom
Ioguteh itlusicatb ehe Bdtenuppeae 160 whchiion guadiandiptat edtbyvo

dibeardd &V&‘rﬂu@es':l OHloGe |chh 6F ﬁ@ suﬁg Tﬂ%edlﬁfbgﬁgfongﬂfiiheo%peﬁures are

SR s 3?%%%?%@8% ac%o‘m&%oﬁaﬁana FoiERsi g O Hieppide walls and
farm e tighd ditiies do iddlag epyistoned ito mawdangiobved (@oeslioven) running

adieBed ath @e lcntre f§x1{§:$ﬂ‘lﬂice af)éi'gltchQ\I\@ stnlﬂaﬂaf:ﬁf %h@sg?ﬁ@%s@gof; the
e uci bl e accordin 0 e firs
t@@%hﬁﬁh?gf fﬁgif %Eﬁ??ﬁﬁ There wil | begused two of
el ene at oppo and
F&%Wﬁ?#m@*msmewﬂﬂg\ﬁgw 0 ﬁeﬂ?\ﬁg |W1Lﬁ@nfeﬁf of thesg glgments, see

zapgrle. e webleeloimbht Bl snamisped wish &wo pheruspger 145ildam each side

aﬁd WD RRE M 8 pROtPEPSRLUB. %e@ﬂé ?r%urslﬂs(ﬁ))rrllg 'alé@&‘m?ensmned such that

€ _as
S{Q%r%mn%f e%t?ros{}gg gp%ﬁg:sbeéwe el Qrowrgsipns ! ? ag(ﬁ( :‘rl(?.@ns a tight
f“grrmga wheaiwphealbelsments bhas dssemnbled forming adjpcent wallonf the
cfuciblegUhe dbﬁnbda%dlﬁdch@ gﬁytﬁuﬁﬁ)nﬁhéta@e 8l BERMRAWD 81 into the
t

agéﬁ?’-@ é?f’aﬁd%ﬁﬁ% UL L Ip R, D0 AR BerTof g v

ed2 maysh %&iae@ dgesguRnt peelpd atlenr@uemmlstt@t 8 wplé element
bgeoaes chapud bii an mcaempeﬁml w6 lﬂlﬁfﬁﬁé‘ttoﬂl had tqltw@ﬂ ahe edges

| I n

T ff‘ﬁﬁ SEptP PP i W Thh oA
r&P%‘B%’l el ﬁ%ﬂa dsgeghle tHeered ﬁgChTﬁW the @ass westional arca of
thehepamang o Btherendiblevis|lrgbe thagl tde k:fbsplsaﬂﬁ)nbyaﬂeh%f the bottom of
i QUEHH AR Hpef dir J[semgl % 0! ﬂ;':‘t@g{ude' ﬂg to

r at e In ure Za

exanple 2 i1s schematically i

Fﬁ rg%c 1&&@&9& tg ??at%l %r[t?tlﬁ S},]i ?v%exkf g%steo %Lttoe a cr1.’101b1e i‘he

is a

%&gtRﬂS%‘sls 1’@?1&%9@ eé%heﬁ gfedge and F@é@wewn%gwom.%ﬁé clement
lﬁmeﬂhea&maﬂﬂyres are fitted such that they can
receive a downward facing protrusion of the side
walls and forma tight fitting. It is also envisioned
to include grooves (not shown) running aligned with
the centre axis of the apertures 11, simlar to the
grooves 2 of the
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20bottom plate 1 of the first exanple. Figure 2b
shows one wall elenent 12. There will be four of
these el ements, see Figure 2c. The wall elenent 12 is
wOoeiippsd with two protrusions 14, 15 on eacPCBNGz00M®226
two downward protrusions 13. ghe side protrusions are
di nensi oned such that the protrusion 14 enters the
space between the protrusions 15 and lims a tight
XNodritficatiog ofitbe invemtisml | el enents 12 are assenbl ed
;'Menhmtiadji@camed/\a} berfarnitihe serdfchliutationb of tewewpsdture
i
%ﬁ?‘?&fﬂig%‘% LB ool End R RE hider! of sl afvins
Li "e"%‘F’&’gedges of the wall elements 12 may be gi ven a
congruent angl ed orientation such-that the wall
ghefidi 3.iegorsd shapatdnas paifilé BOSARhAS WikiAP&ZIAHBrior art silica

\gg%@@t he bottom and upper side edges 30are parall el

e.sid sarefonln ruent angles, This

A e o o JesR e e et Mo L agieat at the Stre of
tcayséal Bzhtionohith hatand&té formass prsessi 1o skdwm irebigofe 3. Hdie
RfrBgirOt thb ehstddiefi the enicshié BoG&H i$ MIF ChEhe EABIDIe bottom is 2

%C{hﬁc(?cn gllld ﬁ% ﬁn%nggl EJL%HE%‘?% glo§ W ?( G[Fhlé% ew l-gféels 60 mm

on S
zﬁw and ltﬂ. tbiméﬂ 2'8@@(1%%% |°a f’é‘% FERRYHR @U‘iﬂ?ﬂm the

lﬁnpdref{ura&stbﬂbbwnquﬁhﬁ supppuildse mustrheloses@htq 1338°C. This rate
RARER thahisRPP ﬁe%s@ﬂﬁmﬁindﬁte@ g @o 8rterhMe dbfndingeBiaae

%ﬁﬁﬁéﬁ%&ggk %389%8%3%% e"???F Ici:/ttl ox\oof t he

i nvention The invention |s verifi ed by perform ng a
$eampie £ dlateilsted eerspart oroffibayingr Airnace P 2 o
tﬂlibemﬁ}éﬁtﬁjnbl e bottom and the underl y| ng suppor t of

%‘aazﬁcqlattlo 9f: 4 ytegcg' :{t!ilt% o l{ﬁ#]%s?ona% te@f;?eﬁéﬁ.g Céradle{n w1th a silicon

SHrge GRIcEe i Tioam Inddgure Aud b Felculaten filusfraies e Bation at the
staetafycradtaitieatome Thie empéretvad ati thapeidet afrtbe gruathiehotiem is
tiaes €t gk Biciviebotidh is2adnh eiciizhl i@ tBdraad assiuktviRame o

R BPRS Tok Sug Pl s oi if A%,SBLETRERRARLE Gt 50

R T R LR ¢he temparatyre af Hierhptiom of the support
pdael ki b foyverest th. R M GKIhi¥hae o ppanttanpleatsn give 66ystaiization

trnglsp tPNY chl/B, dé};@ﬁ&ﬁ oRQRE Babint dhehSrARpMWidHeromithe top
o%e toreane 0 the tenperature at the

i of the support pI ate nmust be | owered to 1398C.
This rate of heat transfer can give crystallization

Extmpleup GrostBliBirgmwhh adepemdd ngrbon pidie uidanemin theafrucibie.
b@ﬁﬁo &Iﬁﬁﬂ%Bﬁﬁltm%fﬂlQJEltl?ﬁseﬁqg cﬁj&ﬁlﬁkheﬂhe c@ém 1ﬁteﬁt10na11y

gPﬁ’&?%ﬁg%gg @%%Ebp%&%{lﬁér%s%\% nklogtow ofu[ixe mgot in ort&cr to promote

crystal nucleation in certain areas and thereby obtaining larger crystals. The
oraphite support plate is 50 mm thick and has a thermal conductivity of 80 W/mK.
Above there is a patterned plate, 10 mm thick with a base plate made of a low
conductive graphite material, for instance CFC, with a thermal conductivity in the
direction of heat flow of 10 W/mK. In this plate there is inserted pieces, 10 mm
thick of highly conductive isotropic graphite with thermal conductivity of 80
W/mK. On this support structure there is placed a crucible according to the present
invention with bottom thickness 10 mm and thermal conductivity 10 W/mK. With
1415 °C on the inside of the crucible bottom and 1200 °C under the graphite support
plate, the heat flux is as shown in Figure 5 (fully drawn curve). It is characterised
by distinct local maxima at the position of the high conductive graphite pieces.




A cal cul ation of a steady state one-di nensi onal
tenperature gradient with a silicon 20nitride
crucible is showmn in Figure 4. The cal cul ation

wWa jopuss¥sdt es the situation at the start of PCI/NO2607/000226
crystallization. The tenperatyye at the inside of the
cruci ble bottomis 1415C. The crucible bottomis 1 cm
thick, and its thermal conductivity is 10 WnK. The
Jlopsomparsost a cpleulgtiopys made vith AheisamessupRert sipcture and the same
tndéay icohdiyonss bBOWIE mrdfucible ctrdesnty asadaniveart Olt is made of

thas tarb%tﬁ) ééro? A RO EQM @Bn&d’éﬁvﬁ#‘ BP? r7t W/mK.
Pat e nu ed t 1274C IS rat

it B F%&C&?@%ﬁlﬁ 155y pe e e O’B“i‘%‘“bls 5ty small
Gimbho thedpraedhergabresisiancg vb tha crogiblieat transport ed
fromthe top chanber. Exanple 5. Crystallising with a
patterned carbon plate underneath the crucible. 30A
two di mensi onal FEM nodel is used to calculate the
effect of intentionally varying the heat flux in a
pattern across the bottomof the ingot in order to
pronote crystal nucleation in certain areas and
t hereby obtaining |arger crystals. The graphite
support plate is 50 mmthick and has a therna
conductivity of 80 WnK. Above there is a patterned
plate, 10 mmthick with a base plate nmade of a | ow
35conductive graphite material, for instance CFC
with a thermal conductivity in the direction of heat
flow of 10 WnK. In this plate there is inserted
pi eces, 10 mmthick of highly conductive isotropic
graphite with thermal conductivity of 80 WnK. On
this support structure there is placed a crucible
according to the present invention with bottom
t hi ckness 10 nmm and thermal conductivity 10 WnK
Wth 401415 C on the inside of the crucible bottom
and 1200 C under the graphite support plate, the heat
flux is as shown in Figure 5 (fully drawn curve). It
is characterised by distinct |ocal nmaxima at the
posi tion of the high conductive graphite pieces. WO
2007/ 148987PCT/ NO2007/ 000226 10 For conpari son, a
calculation is made with the sane support structure
and the sane boundary conditions, but with a crucible
commonly used in the art. It is made of Si02, has a
bottom t hi ckness of 20 mm and a thermal conductivity
of 1.7 WnK. The anount of heat extracted is nuch
less, and the lateral variation is very small 5due to
the large thermal resistance of the crucible. WO
2007/ 148987PCT/ NO2007/ 000226
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11 CLAI M5 1. Method for direct solidification of
mul ti-crystalline sem conductor grade silicon ingots,
characterised in that the nmethod conprises -

woSloysisgdshi zi ng t he seni conductor grade sili @§ENGIHT000226

optionally also inghuding the melting of the feed
silicon material, in a crucible nade of silicon
nitride, or in a crucible nade of a conposite of _
silicon carbide and silicon nitride, and where - the
Ni8i ckness of the bottom of the crucible is

i mensioned such that the thermal resistance across
t h e e Leashdide gi&ad@
or dM%% %]ft g‘?ﬁgat %gl?%g ?%tédgln(gfe&%\gr %rggslth%g Ss upport be
carPVFW@mEH@ crucible or | ower. Method according to
cl atlmarbetecived i theatitheentethad ChEPTISe et hod al so
COnpg %ﬁﬁﬁgeﬂh%lerhjbohmﬁﬂdir%radh@smm Sipdie watidrmllyfalgohecluding

cr U@ é:itl OR/E&I%%%]& ﬁﬁccﬁlﬁtﬁ%hhlallﬂ Y cMRIHid ﬁﬁh& ¥f Qlit&hhiedde, or

accor racter.i.se
el oF G S Shec PRI paf AT g5 eE o
enpiwbyred as thernmal insulation of the side walls of
t he. ﬁ{etwdlpdh?eknéﬁtdme B&GoH 6f g dracibleas dinsemyionéd sichithat the

f or &% G ha{;t%t%e acrczsg Q%ér Qotw?fﬂes IIGHECGHQS Q‘%’ze‘é%f AR 8tk same
o1 | oidonas HGBES TS8R ETILO A8 SBBPT A PG TBE DRSEIRRle o

acclowdirng to claimany of claim4, characterised in
that the directional solidification nethod is the.

Br.i Npted qecadéagstoadaimhle bl ock- casting process. Mt hod
accof iRt rised fh M4 He meidHAldongeded theihdly fnbdating the

mh |5 f .
crySHar i BB B Bl 0 HE S Bihdftes o

tsﬁhﬁ{ 0(%;%lra hItPle{ﬁ%ei the cru0|ble W th patterns of

efh SE0] orlerited gr aphi te. and ar eas hormal
| s ohaprteried pn AL 2 IR0 CEFHGOR i SISy ogyas gherm
chaimaala€ibh € ¢chei sidd walts dfitbe npichidel al so conpri ses,

after the initial crystallisation, reversing the heat

f4. uktetiesiddcbriing © daipeartyi el claienklda 3.0f forned crystals
bef Qﬁfra]@&q'is@d R YRIShO fhef 1D EASLiddl fdi(mtaﬁufaﬁtﬁﬂﬂﬁ kéiahgrade

O et et Bl o TR LA, oot o

5. _Methud according to claim any of claim 4,
charactensed in that the directional sohdlﬁcatxon method is the Bridgman

progess or the block—castmg pro'cess_ _

6. Method according to claim 1,

characterised in that the number of crystals formed at the beginning of the
crystallisation is controlled by use of a composite sheet of graphite under the -
crucible with patterns of highly conducting oriented graphite and areas of

isotropic graphite.’

7. Method according to claim 1 or 6,
characterised in that the method also comprises, after the initial |
crystallisation, reversing the heat flux resulting in a partial remelt of formed
crystals before again reversing the heat flux to accomplish crystallisation.

8. Crucible for manufacturing ingots of semiconductor grade multi-crystalline
silicon,
characterised in that

. o e e, o
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silicon, characterised in that 12 the crucible is

made of silicon nitride, or of a conposite of silicon
carbide and silicon nitride, and where - the wall

t hi ckness of the bottom of the crucible is

di mensi oned such that the thermal resistance across

the bottomis reduced to a |l evel of at |east the sane
Sorder as thermal resistance across the support bel ow |
car ryhagructide oy medbpEsibeon siteide, @ ofer eranpsisec of sBicgnrgrbide
to %haisaﬁbcl%n [ﬁt?ﬁyeggﬁ@wh%ﬁa in that the crucible

is as om o £ . .

and T 30 N kST attany S eaN & Y SRl R igichsiohd such that the
ni t theteabevsisencsiacressriba poitemds rodussy taetgvsl afatdeast the same

S QU @erGls ABSER eédiNfdde 4ol tht euppitthbeloWerahging e crucible or
betwggn adj acent wall elenents (3, 5, 12) and between

t he warm el enents (3, 5, 12) and bottom el enent (1,

10) are.seal ed..and | ock by applying a silicon

c nﬁgPﬂP§b§§85P5% Oﬁg@ngbefore assenbly heated in a
15s¢barantevisdd in thate ni trogen atmosphere to forma

sol i.dhPbasmH10fs SibhBRA fbhldnd®ottbth plereuslembet (1, 10) and four wall

accardin L g h i L . ;
crué ?eﬂlilee“q? gfgggg},r%n];l 21151 d%s?ﬁlngﬁ%d%eﬁo%gg 4 gﬂr%c%)ﬁ ggtgd% @QB Shiglefining
wal 12 sapaieeness segfionadwaueils, add | el ements (5) in an

| Nt erhd jdieR bespeineligsen? Gralltdiem bt (B, AR bed péjwdes the wall
qua ' _ \ e

JagS b B, 3 T2l nu b ki), M0 spBETafy ARkcd by

gr oveBLYing a silisop coptainiag spalapipastaiEPreargen By hopted in a

wal lsuledtementyspura nith) geanitarosphert oo fdren gsaad phase)f séipn nitride.
fornms a tight fitting, and . the wall elenents

(R). BueibesaicpREg b thi@ 9groove (4) al ong both edges

on the 25surface. facing inwards into the crucible,
whi ¢ agﬁ%frfﬁgﬁgvgﬁed-to_give a tig%%nfitting
8 P

t he -dhelerusthiess apemhlednine epehelie phte (k). tey s klgments (),
accandit®g w4l ekmientsl@) in an intermittent sequence,
- the bottom plate (1) is a quadratic plate with a groove (2) along each side
edge on the upward facing surface, and where the groves (2) are fitted such
that lower edge of the wall elements (3, 5) enters into the grooves (2) and
forms a tight fitting, and
- the wall elements (3) are equipped with a groove (4) along both edges on the
surface facing inwards into the crucible, which are dimensioned to give a tight

fitting with the side edges of the wall elements 5.

11. Crucible according to claim 10,
characterised in that
- the grooves (4) and side edges of the wall elements (3) are given an
congruent angled orientation such that the wall element becomes shaped as an
isosceles trapezium where the bottom and upper side edges are parallel and the
side edges are forming congruent angles,
- the wall elements (3) are equipped with a protrusion (7), -
- the wall elements (5) are equipped with a protrusion (6), and
- the protrusions (6, 7) are shaped such that the form a locking grip holding
two wall elements (3, 5) tight together when assembling the crucible.

12. Crucible according to any of claim 9 to 11,
characterised in that the wall elements (3, 5) and bottom element (1) are
~ assembled without use of sealing paste.
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characterised in that the grooves (4) and side edges
of the wall elenents (3) are given an 30 congruent
angl ed orientation such that the wall el enment becones
shaped as an isoscel es trapezium where the bottom and
upper side edges argaparallel and the side edges are
form ng congruent angles, the wall elenents (3) are
equi pped with a protrusion (7), t he wal |
eﬂéxﬁgmp@lé( Bycogdiagdeglapéd with a protrusion (6), and
35- cthtﬁeaa@ﬁtswﬁigﬂﬁ (6, 7) are shaped such that the

form tﬁ? |8§12°t‘ %% LRpngl di oﬁé’\‘&%tﬁﬁh gla% ?L@%ﬁ 1%_.31 wall elements

tlght en asse ruci

Cr uditBl.e accordlng to any of cIa|n19 to 11,

char-ag¢ 8bite@chlate (1bpds o qiadvald plefeenithtso @ﬁertﬁr)zs ahid.along each
bot t foI &ié%ntﬁne %%v ﬁwgﬁi gd Wi t hout use of

sea Ilng ccor | ai m

chardb¢ sllsdempnfs{ ha)are teﬁ‘élP@F@l it f&q o 'g‘é'@i‘iibﬁ%%]ﬂlg Pmtmsmns
usi g3 pfiedat tmor leatpert(i0)l | aaok feur a wight figiremerth dottom

( 12)e~ler§entt(li]§) %Btsgim Iprloﬁ'{lﬁoﬁg-@l)!} Ioh &eoéi'@@é?é SndPivat ﬁrotrusmns

ong each side edge on th
upv\éll@ ?%g{)er@ 3%%%% af‘ﬂe wal | elenents (12) are
equi-pplexte wha purottmswaie\ﬂm;zdﬁd afedinmgsppmed sueh tas thegyptrusion (14)
fittged ﬁleeiﬂaeé bERGcARBE potRislohb)(18Nshd rmka tidt@tting when

fittin el enent

pr ott‘r’vﬂg’l’ %Thgfé ; @25 8’f?eas§?raléfeégégmé:\%ad§acent wals gL fisrgucible.
10(15) on the ot her side edge, and where the

protrusions (14, 15) are di nensioned such that the
protrusion (14) enters the space between the

protrusions (15) and fornms a tight fitting when two

wal | elenments (12) are assenbled form ng adj acent

wal I s of the crucible.



